
,.

I

I

copy
RIML54G20

NACA
—

RESEARCH MEMORANDUM

AERODYNAMIC

CRUCIFORM

CHARACTERISTICS AT A IMACH NUMBER OF 2.01 OF TWO

MISSILE CONFIGURATIONS HAVING 70° DELTA WINGS

WITH LENGTH-DIAMETER RATIOS OF 14.8 AND 17.7 WITH

SEVERAL CANARD CONTROLS

By M. Leroy Spearman and Ross B. Robinson

Langley Aeronautical Lalmratory
Langley Field, Va.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

August 30, 1954

-/

-1

I

I

I
. .

,. I

-. —.. — ..-. .— .—--. —— —. - ----- —-—,----------- - - --— ---- —-J



_—.. ._

TECH LIBFiARYKAFB, NM,

NACA FM L54G20 G-/

NATIONAL ADVISORY HIMMITTEE FOR

RESEARCH MEMORANDUM

0143550.
AEROIWJTICS

AERODYNAMIC CHARACTERISTICSAT A MACH NUMBER OF 2.01 OF TWO

CRUCIFOF’J4MISSILE CONFIGURATIONS HAVING 70° DELTA WINGS

~TH LENGTH—DIAMETER RATIOS OF 14.8 AND.17.7 WITH

EmJERAL CANARDCONTROLS

By M. Leroy Speaman smd Ross B.

SUMMLIRY

Robinson .

Further tests have been made at a Mach number of 2.01 of the
fineness-ratio-14.8 missile configuration of NACA RM L53114. im the
present investigation, this configuration and a configuration with a
length-diameter ratio of 17.7 were eqtipped with 600 and 70° delta
canard controls of area appro-tely twice that tested previously. The
purpose of these tests was to detemine the combined effect of canard
size on pitching effectiveness and on intetierence losses at the wing.

Wing efficiency, as indicated by the pitching moments of the body-
wlng configurations,with and without canard controls, decreased as
control size was increased, particularly at low singlesof attack, or as
body length was shortened. h neither case, howevqr, were the interfer-
ence effects such as to impair the linearity of the variation of the
pitching moments with angle of attack. A substantial improvement in
angle of trim was indicated for the shorter configuration by moving the
center-of-gravity location rearward from the test mmnent reference point
at 58 percent of the body length to 62 percent of the body length. For
this condition, the rate of change of trim singleof attack with canard
deflection was about twice that previously obtained for the tissile con-
figuration with small (10 percent of the wing area) 70° canard controls
and with a length-dismeter ratio of 14.8.

INTRODUCTION

A program for the development of cruciform missile configurations
with canard controls lms been conducted in the Iangley k--by k-foot
supersonic pressure tunnel. The basic models employed surfaces of delta
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2 NACA RM L54G20

plsm fomn with 70° swept leading edges for the wings and for the aU-
movsble cansrd controls. The effects of control deflection and body
length on the aerodynsmid characteristics of the missile at Mach numbers
of 1.61 and 2.01 are shown in references 1, 2, and 3. The character-
istics of the crucifomn csmard arrsmgement as well as some.very small
span wing-body configurations at a Mach number of 1.41 are presented in
reference 4. The characteristics of two of the crucifom csmard arrange-
ments in combined pitch and sideslip at a Mach number of 2.01 are pre-
sented in reference 5.

The results of reference 1 have shown that the use of a long bcdy
and a long canard-controlmoment am for the purpose of reducing the
canard wake effects and increasing the canard pitching-effectivenessmay
be unsatisfactory since the unstable pitching-manent characteristics of
the long bcxiywould limit the usable angle of attack that might be
obtained without the occurrence of second trim points or missile tumbling.
In fact, the shortest missile considered in reference 1“(length-diameter
ratio of 14.8) indicated a higher usable variation of trim angle of
attack with canard control deflection than any of the longer body mis-
siles and yet did not indicate the appearance of any serious interference
effects of the canard control on the wing efficiency. It was then thought
desirable to increase the canard control size in an effort to establish
to what limit the controllabilitymight be ticreased before the onset of
any serious interference effects. To this end, an investigation was
undertaken in which a 600 and a 70° delta canard having about twice the
area of the originsl canard were installed on the short missile body
(length-diameterratio of 14.8) and also on a missile of intermediate
length (length-diameterratio of 17.7). It was expected that these
larger controls would have greater pitching effectiveness than the orig-
inal control but should also tend to increase the interference losses t
at the -. The present paper contains the results of the tivestiga-
tion of the aerodynamic characteristics at a Mach number of 2.01 of the
two cruciform wing misstis equipped with the larger canard controls and
ccmpares the result with that obtained previously with a smaller control.

ksYMEoLs

The results of t- tests axe presented as standard NACA coefficients
of forces and moments referred to the body-axis system (fig. 1) with the
mcxnen-treference point for all configurations located 6.25 body dismeters
forward of the base of the body.

% normal-force coefficient, N/qS

cc chord-force coefficient, c/qs

t,
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pitching-moment coefficient, M ‘/qSE

rolling-mcment coefficient, L’/qSb

cNcos~-ccstiu
lift-drag ratio,

qstiai-cccosu

N nomal force

c chord force

M’ pitching moment -

L’ rolling moment

N’ yawing moment

Y lateral force

~ free-stream dynamic pressure

s total wing area resulting from extending the wing leading ,
and trailing edges to the body center line

E wing meu aerodynamic chord

d dismeter of bdy “

b span of wing

1 length of body

x longitudinal distance frcm nose

M Mach number

a angle of attack, deg

B. singleof sideslip, deg

% horizontal-canard deflection angle, deg

% *(-J - %~c
wing efficiency factor,

‘BW - %

..— —.—..- ..z —— ——. —-——. — — .— —
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*

inc~t of pitching-mmnent coefficient due to horizontal
csmsrd deflection

e

rate of chamge of angle of,attack:with horizontal-c-

ratio of exposed horizontal canard area to exposed wing
area

MODEL DESIGKNl?lONS

Imdy

lmdy-cam.ard-control combination

body-wing combination

lmdy—wing-canaxGcontrol conibination

MODELS AND KPPARA!NJS

Sketches’of the models tested together with
and designations are presented in figure 2. Details of the canard con-

perthnt dimensions

trob and wing surfaces are presented in figure 3. The geometric char-
acteristics of the models are presented in table 1.

The body of the model was ccmposed of a parabolic nose followed by
the frustum of a cone which was faired into a cylinder. The body length
was varied tbmugh the use of different lengths of the cylindrical por-
tion, with resulting body length-diameter ratios of 14.8 and 17.7. The
canard $urfaces and both pairs of wings had delta pla,nfores with hex-
agonal sectio~. The wings, vertical canards, and two of the horizontal
canards tested had 70° swept leading edges. An additional horizontal
canard having 600 swept leading edges was also tested. Ratios of canard
exposed area to wing exposed area were 0.05 and 0.20 for the 70° delta
control and 0.17 for the 60° delta control. Deflections of the hori-
zontal canard were set manually. The vertical canard deflection was 0°
for all tests. The large 70° and the 60° canard controls were tested

0

with both the long and shin% bodies (Z/d = 17.7 and 14.8) while the
small 70° canard control was tested only with the short body (l/d =
KU cmponents of the model were removable so that tests of various
binations of components could be made.

v_ —— .-...—=. .— -----—.-—_-
--=.-

.-
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Force measurements were made through the use of a six-component
internal strain-gage bahnce. The angle-of-attack rsmge was from 0° to
about 28° and the angle-of-sideslip range fran 0° to about -10°.

TESTS, CORRECTIONS, AND ACCURACY

Tests

The conditions for the tests wefi:

Machnumber; M...... . . . . . . . . . . . . . . . . ...2.01

Reynolds number, based onwing M.A.C. . . . . . . . . . . . 3.47 x 106
Stagnation pressure, atm. . . . . . . . . . . . . . . . . . ..1.0
Stagnation temperature, %? . . . ... . . . . . . . . . . . . . . 11.o

The stagnation dewpoint was maintabd sufficiently low (-25° F or
less) so that no adverse condensation effects were encounte~d.

.

Corrections and Accuracy

The angles of attack and sideslip were corrected for the deflection
of the balance smd sting under load. The Mach nmber variation in the
test section was approximately *0.01 and the flow-angle variation in the
vertical and horizontal planes did not exceed about K1.lO. No corrections
were applied to the data to account for these flow variations. The base
pressure was measured and the chord force was ad~usted by eqxating the
base pressure to the free-stresm static pressure.

The estimated errors in the individud measmd quantities are as
follows:

CAN.**.**.*.**.**.**** . = . . . . . ...”. N.004
cc ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +0. 002

%*.****.**.*...*.*** ● -*** .**. *=~=ooo4
cl . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . to.0004

a,deg . . . . . . . . . . . . . .’. . . . . . . . . . . . . . +0.1
p,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . *0.1
~ deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . *().1

\

.
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RESULTS AND DISCUSSION

The aerodynamic characteristics in pitch for the component parts of
various configurations are presented-in figure 4. The estimated varia-
tion of ~ and ~ with a for the body alone were obtained by the

method of ~ (ref. 6). The estimated variations for the body-wing (BW)
and the body-control (BC) configurationswere obtained through the use of
references 7 and 8 in conjunction with reference 6 in a manner described
in reference 2. For the cmnplete model (BWC), the estimated variations
were obtained by comb-g the estimated control increments with the
bcdy-wing results disregarding interference effects, that is,

[(BC - B) +BW] =BWC.

T& effects of canard-control deflection on the aerodynamic char-
acteristics in pitch for the variouE ccmplete model configurations are
presented in figure 5. For the shorter bdy configuration, there is an
increase in the stability and in the linearity of the variation of ~
with a as well as a decrease in the pitching effectiveness of the
canard control. As would be expected, the shorter body configuration
with the small 70° canard control (fig. 5(c)) has the greatest stability
and the lowest control pitching effectiveness because of its shorter
mcment am and smaller control area.

Changes in canard-control size or body length have little effedt on
the L/D ratios throughout the angle-of-attack range (fig. 6).

The wing efficiency (fig. 7) as fndicated by the pitching moments
of the body-wing configurationswith and without the camrd control
decreases, particularly at low amgles of attack, as the control size was
increased or as the body was shortened.

The variation of the canard control pitching-mcment effectiveness
with angle of attack for the various configurations is shown in figure 8.
The value for the 70° control having an area ratio SC/SW = 0.10 was
obtained from reference 1. The esttited values at a = 0° were obtained
by multiplying the theoretical lift-curve slope obtsinedby the methcd of
reference 9 for an isolated wing having the plan form of the exposed
canard surfaces by the distance from the 0.67 root-chomi point of the
exposed csnard to the model center of ~vity. The estimates are in good
agreement with the experimental results.

In
without
in th+s
shorter

order to detemine the maximum obtainable trim angle of attack
encountering second trim potits for smy camard control deflection
an.gle-of-attack~e, the center-of-gravity location of the
bcdy configurationwith the 600 control (S@JW = 0.17) was shifted ‘

.
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rearward from x/z = 0.58 to x/z = 0.62. For this center-of-gravity
location (fig. 9), calculations indicate that a trim angle of attack of
about 13° would be expected for a canard-control deflection of 9.5°.
The resulting wable value of a

%rim
of about 1.4 is nearly twice the

~m ‘able %rim
of 0.74 obtatied with the ssme configuration

eqyipped with a 70° delta control having an area 0.10 the wing area
(ref. 1).

The effect of body length on the induced lateral characteristics

slightly greater for the
resulting from a 10° deflection of the large 70° canard control are shown
in figure 10. The induced
longer body configuration.

effects appear io ie

CONCLUDING REMARKS

The results of the investigation of the aerodynamic characteristics
at a Mach nuber of 2.01 of two crucifo?m canard-type missiles having
body fineness ratios of 14.8 and 17.7 with 70° delta wings and several
different canard controls have indicated that, for a center-of-gravity
location at 62 percent of the body length, a maximum usable value of

a%rim
(rate of change of trim angle of attack with canard deflection)

of 1.4 might be obtained for the shorter body configuration with a
600 delta canard control having an area 0.17 of the wing area. WS

‘lW ‘f %rim
is about ’twicethat obtained previously for this missile

configuration eqti’ppedwith a smaller 70° delta canard control hming an
area 0.10 of the wing area. Although the wing efficiency, as indicated
by the pitcbi.ngmcments of the body-wing configurationswith and without
the canard control, decreases as the control size was increased or as the
body len@h was shortened, there were sttll no serious interference
effects such that the linearity of the pitching moment with angle of
attack would be impaired. .

LangleyAeronautical Laboratory,
National Advisory Comittee for Aeronautics,

~ey Field, Vs., June 28, 1954.

.—.— ——— — ..—.— ——.
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!lABLEI

QNMETRIC CHARACTERISTICS OF MODELS

Crucifoml Wiigs:
Span, in . . . . . . . . . . . . . . . . . .
Chord at body center line, in. . . . . . .
Chord at body intersection, in. . . . . . .
Area (leading md trailing edges extended to

center line), sq in. . . . . . . . . . .
Area (exposed), sqti. . . . . . . . . . .
Aspect ratio . . . . ...”. . . . . . . . .
Sweep angle of leading edge, deg . . . . .
Thickness ratio at body center line . . . .
Leading-edge section angle normal to leading

u.85
17.07
13.41
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.

.

.

.
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ioiy”
104.8

64.2
1.40

70
0.0147

15.6
7.4

n..48

. . .

. . .

. . .

.*.

. . .
edge,

Trailing-edge section angle nozmal to trailing edge,
Mean aerodynamic chord, in.

Canard surfaces:
Sweep angle of leading edge,
Ratio of canard exposed area
Area (exposed), sq in. . .
Sweep angle of leading edge,
Ratio of canard exposed area

. . . ●

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

. . . ‘. .0. . .
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60
0.17

IL. (Y3
70

deg .
to wing
. . . .
deg . .
to Wing

. . . . . . .
area
. . .
. . .
area

exposed
. . . .
. . . .
exposed 0.05, 0.20

2.95, 12.8k

. . 2.67

.0 5.58

Area (exposed), sq-in.

Bodies:
lk@.mum diameter, in.
13asearea, sq in. . .
Length, in......
Length-diameter ratio

● ✎

✎ ✎ ✎

✎ ✎ ✎
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.
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.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
39.57, 47.33

. 14.8, 17.7
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‘TAELEII

BODY COORDINNIES IN INCHES

I!Odystation

o (Nose )
● 297
.627
.956

1.285
1.615
1.945
2.275
2.605
2.936
3.267
3.598
3.929
4.260
4.592
4.923
5.255
5.587
5.920
6.252

6.583
U.542

47.333

Radius

o
.076
.156
.233
.307
.378
.445
● m9
● 573
.627
.682
.732
.780
.824
.865
.903
.940
.968
.996

1.020

}

1.042 co~c~ section
1.333

1.333} Cylindrical

t
. .. .
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Figure l.- 6ystem Of body axes. An-owe indicate positive values.
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● 30.67

Vertical canard
—9.13’~ hinge line

t

— ~- (XJ
—

Horizontal canard
hinge line

control sc/&

60° 0.17
Large 70° 0.20

— 39”57~

2A colliTol ‘%sw
14.8 60° 0.17
14.8 Large 70° 0.20
14.8 Small 70° 0.05

Figure 2.- Sketches of models. All Mmensions in inches.
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.80-q-

‘13.41

Lh
N.

Wing panel

I I

I-’”i
I

.

. Figure 3.- Details of

60° delta

wing and

canard, %=0.17
Sw

canard controls. All dimensions in inches.
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Hinge line

-70°
—

I

1- .2.49—
0— ,

+
I

— —— —

L Ld ‘—-
— —

I

NACA RM L9G20

Large 70° delta canard, $= 0.20

Hinge lin~

’70°

Y/ ‘<

Tr

%+==
2.99 c]

3.24—

__—

Sc = 0.05Small 70° delta canard, —
SW -

cab
0 m,
—“

N

1-1

Figure 3.- Concluded.
.
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.

.04

.02

0

0 BWC
❑ B~
O BC
A6

–– Estimated

.-1.0

.8

.6

%

.4

.2

0

Ill 1s11

0 4 8 12 16 20 24 ?8
a , deg

(a) Z/d = 17.7; large 70° canard control.

Figure 4.- Aerodynamic characteristics in pitch for component parts of
various configurations. ~H = OO.

~~
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.28 -’

/ P
24

t /
o Bwc
❑ BW

/ /
O BC /

.20 AB / / /

–– Estimated // ~ /

/ /
/

/
.16 /

//
/ /

/, ~ /
P

,/
/

.12
/ ‘

/
/

.08 / “
{ / ‘

/
.04 4

) { p ~ / D
.

0

) {

%
\

——

-.04
\

\-
\

L

-.08
\

\

\

\

-.I 2
“\\]

-.16

-20 \
Y1

\
\

-24
0 4 8 12 16 20 24 28

a , deg

.

.\

(a) Concluded.

Figure 4.- Continued.
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.8

2

0

.—— -----

0 BWC
❑ BW
O BC
A13

–– Estimated

1

0 4 8 12

(b) 2/d = 17.7;
. .

16 20 24 .
cz,deg

600 canard control.

28

Figure 4.- Continued.
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24

r“’’’iiifl”o BWC
❑ BW
O BC /1/420

—A–I?stimated

“d-l-l-d
.12

08

.04

0

-04

-m

-.! 2

-.I 6

-20

-24

–.28
1-

1 / A I / I

, Y I
-PI-t-l

I , , , , , , ,. , , J

o 4 8 12 16 20 24 28
a , deg

(b) Concluded.

Figure 4.- Continued.
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... ,. 3

h h L L

o TTJ ‘ “

o BWC
❑ BW
O BC
AB

–— Estimated

10

.8

.6

%

.4

.2

(-l.-
0 4

(C) 2/d =

8 12 16 20
a , deg

14.8; large 700 canard

Figuxe 4.- Continued.
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20
/‘ 9

// /
, P/

.16 / /
/ 9

////
//

w

.12 /
/ w

/-
/

A
S38

/
/ y -

0 BWC

—— Estimated

1
\

-08 fl. \

t
\

\
-J 2 \ 1.

\ \

\
\

\ 3

-.16
‘-\ \l

-20

k

-24 j

\
-28 \

\
-32

0 4 8 12 16 20 24 28

a, deg

(c) Concluded.

Figure 4.- Continued.
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0 BWC
❑ BW
O BC
AB

—– Estimated

c~.

100

.

.8
/

/
~

/

/ /

.6
l,’ Yj.y .’

/ /

●4

.2

0

.——

0 4 8 12 16 20 24 28

a, deg

(d) Z/d = 14.8; 60° canard control.

Figure 4.- Continued.
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24

/
.20 /

,/ /D

.16 / /
/

/ d

.12
/ / o

/
/ ./ / “

/ / A
S38 / / y ~

4
/ / w

4
/

/ /

/---
/

o BWC
❑ BW

of O BC
A6

1
-.08 $

\>

t
A

-.12 \ T
-%“ \

.\ 9
\

-.16 \,

\
-20

1

-24 $

\
-28 \

\ 7
0 4 8 12 16 20 24 28

Q , deg

(d) Concluded.

Figure 4.- Continued.
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o BWC
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Figure 5.-Effect of control deflection on aerodynamic characteristics
in pitch. Complete model.
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Figure 5.- Continued.
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Figure 10.- Effect of body length on the induced lateral characteristics
resulting from control deflection. Model with large 70° canard
control; bH = 10°.
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